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A1 adenosine receptors play an 
essential role in protecting the 
embryo against hypoxia
In the kidney, extracellular adenosine has anti-inﬂammatory 
action, particularly during conditions of limited oxygen availabil-
ity (for example, ischemia). In addition, some forms of acute renal 
failure are associated with increased renal adenosine A1 recep-
tor (A1AR) density. However, the results of many studies leave a 
conﬂicting picture concerning adenosine’s potential role during 
renal repair. A1AR signaling has been found to protect cells from 
damage and deletion of adenosine deaminase (which increases 
adenosine levels) protects the heart from ischemic–reperfusion 
injury. Similarly, overexpression of A1AR also protects the heart 
from ischemic–reperfusion injury, and loss of A1AR impairs 
ischemic tolerance. Embryonic development occurs in relatively 
hypoxic conditions and can easily be exposed to environmental 
factors that induce hypoxia.
Wendler et al. postulated that adenosine acting through A1ARs 
may inﬂuence embryonic development and regulates the adverse 
eﬀects of hypoxia on the developing mammalian embryo. When 
pregnant dams were exposed to hypoxia (10% O2) beginning at 
embryonic day 7.5 or 8.5 and continuing for 24–96 hours, their 
A1AR
+/+ embryos manifested growth inhibition and a dispro-
portionate reduction in heart size, including thinner ventricular 
walls (Figure). Yet, when dams were exposed to hypoxia, embryos 
lacking A1ARs (A1AR
–/–) had more severe growth retardation 
than A1AR
+/+ or A1AR
+/– embryos. When levels of hypoxia-
inducible factor 1α (HIF1α) were examined, A1AR–/– embryos 
had less stabilized HIF1α protein in response to hypoxia than 
A1AR
+/– littermates. Normal patterns of cardiac gene expression 
were also disturbed in A1AR
–/– embryos exposed to hypoxia. 
These results show that short periods of hypoxia during early 
embryogenesis cause intrauterine growth retardation and that 
adenosine and A1ARs play an essential role in protecting the 
embryo from hypoxia. This study may provide useful insights in 
future explorations on the role of adenosine in acute renal failure 
and repair. (Proc Natl Acad Sci USA 2007; 104: 9697–9702)
Juan Oliver
Aristolochic acid and the etiology 
of endemic (Balkan) nephropathy
Endemic (Balkan) nephropathy (EN) is a devastating renal dis-
ease aﬀecting men and women living in rural areas of Bosnia, 
Bulgaria, Croatia, Romania, and Serbia. It is characterized by 
its insidious onset, invariable progression to chronic renal fail-
ure, and a strong association with transitional-cell (urothelial) 
carcinoma of the upper urinary tract. Signiﬁcant epidemiologic 
features of EN include its focal occurrence in certain villages and 
a familial, but not inherited, pattern of disease.
New research by Grollman et al. tests the hypothesis 
that chronic dietary poisoning by aristolochic acid (AA) is 
responsible for EN and its associated urothelial cancer. Using 
32P-postlabeling/PAGE and authentic standards, they identiﬁed 
dA-aristolactam (dA-AL) and dG-AL DNA adducts in the renal 
cortex of patients with EN but not in patients with other chronic 
renal diseases. In addition, urothelial cancer tissue was obtained 
from residents of endemic villages with upper urinary tract 
malignancies. The AmpliChip p53 microarray was then used to 
sequence exons 2–11 of the p53 gene, where 19 base substitutions 
were identiﬁed. Mutations at A:T pairs accounted for 89% of all 
p53 mutations, with 78% of these being A:T→T:A transversions. 
The principal results of these studies include the identiﬁcation of 
DNA adducts derived from AA in the renal cortex and medulla 
of patients with documented EN, detection of these adducts in 
transitional-cell cancers of long-term residents of endemic vil-
lages in Croatia, and demonstration that A:T→T:A transversions, 
a mutational signature for exposure to AA, dominate the p53 
mutational spectrum in these malignancies. These data suggest 
that AA is the environmental agent responsible for EN and its 
attendant transitional-cell cancer. (Proc Natl Acad Sci USA 2007; 
104: 12129–12134)
Marc De Broe
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Loss of GLIS2 causes 
nephronophthisis
Nephronophthisis (NPHP), an autosomal recessive kidney dis-
ease, is the most frequent genetic cause of end-stage renal fail-
ure in the ﬁrst three decades of life. NPHP shares pathogenic 
features with other cystic kidney diseases but diﬀers in that 
kidney enlargement is absent and ﬁbrosis is predominant. All 
known variants of NPHP have in common the characteristic 
renal histological picture of diﬀuse interstitial-cell inﬁltration 
with ﬁbrosis, tubular basement membrane disintegration with 
tubular atrophy, and, in some instances, cyst formation, which 
progressively leads to end-stage kidney disease (ESKD) at a 
median age of 13 years. Furthermore, the molecular patho-
genesis of NPHP remains unclear, and mutations in the six 
known NPHP genes are found in only 35% of cases with the 
disease. Attanasio and co-workers performed a genome-wide 
search for linkage in 25 consanguineous kindred. One kindred 
with a high grade of consanguinity had two siblings and a 
third-degree cousin with NPHP; all three individuals devel-
oped ESKD by 8 years of age. A genome-wide proﬁle yielded 
nine regions of potential homozygosity, one of which was con-
ﬁrmed by descent. This region included the Glis2 gene, which 
encodes a transcription factor abundantly expressed in adult 
mouse kidney and in the ureteric bud during metanephric 
development. Generating mice with a targeted disruption of 
the Glis2 gene and β-galactosidase staining of kidneys from 
adult mice carrying one Glis2lacZ allele uncovered Glis2 expres-
sion throughout all renal tubule segments, particularly in the 
inner stripe of the outer medulla. Kidneys of Glis2 mutant 
mice showed apoptosis (Figure), severe renal atrophy, and 
ﬁbrosis. Diﬀerential gene expression studies of these kidneys 
found that genes promoting epithelial-to-mesenchymal tran-
sition and ﬁbrosis were upregulated in the absence of Glis2. 
This elegant study identiﬁes Glis2 as a transcription factor 
mutated in NPHP and demonstrates its essential role in the 
maintenance of renal tissue architecture through prevention 
of apoptosis and ﬁbrosis. (Nat Genet 2007; 39: 1018–1024) 
Qais Al-Awqati
Type 5 adenylyl cyclase deletion 
increases longevity and prevents 
oxidative stress
Mammalian models of longevity are mostly associated with 
caloric restriction and alterations in metabolism. In a recent 
communication, Yan et al. reported a novel mammalian model 
of longevity based on interruption of β-adrenergic receptor 
(β-AR). This interruption signals adenylyl cyclase (AC), spe-
ciﬁcally disrupting the type 5 AC (AC5) gene, an AC isoform 
predominantly expressed in the heart, brain, and kidney. AC, 
a key enzyme that catalyzes the synthesis of cAMP, activates 
protein kinase A as well as regulates the function of multiple 
proteins and transcription factors. AC also plays a pivotal role 
in β-AR signaling. Mice in which AC5 is knocked out (AC5 
KO) are resistant to cardiac stress, are protected from reduced 
bone density and susceptibility to fractures of aging, and have 
an approximately 30% increased median lifespan.
Yan et al. used proteomic analysis to investigate the molecular 
mechanisms mediating longevity in AC5 KO mice. They iden-
tiﬁed a few candidate proteins, focused on mitogen-activated 
protein kinase kinase 1 (p-MEK1), and found that levels of p-
MEK were elevated in the hearts of AC5 KO mice. Furthermore, 
they examined MEK1 downstream molecule extracellular sig-
nal-regulated kinase (ERK) and found that phosphorylation of 
ERK was signiﬁcantly increased in the heart and kidney. The 
authors concluded that MEK/ERK signaling is upregulated in 
AC5 KO mice. Interestingly, additional studies suggested that 
activation of ERK enhanced cellular resistance to oxidative 
stress. Finally, apoptosis, which may result from oxidative dam-
age, was reduced in the myocardium of AC5 KO mice compared 
with wild-type mice. The molecular mechanisms involved in 
protection against apoptosis were increased, not only in heart, 
but also in brain and kidney. Analysis of the kidney’s response 
to injury would be of great interest. (Cell 2007; 130: 247–258)
Juan Oliver
Apoptotic cells in Glis2lacZ/lacZ mutant kidneys, as illustrated by TUNEL-
positive cells in the inner medulla (upper row) and cortex (lower row) but 
not in wild-type controls. Higher magnification demonstrates restriction 
of TUNEL-positive cells to renal tubules.
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